
Accepted Manuscript

An Entropy-Variables-based formulation of Residual Distribution Schemes for
Non-Equilibrium Flows

Jesús Garicano-Mena, Andrea Lani, Gérard Degrez

PII: S0021-9991(18)30102-5
DOI: https://doi.org/10.1016/j.jcp.2018.02.020
Reference: YJCPH 7858

To appear in: Journal of Computational Physics

Received date: 27 July 2017
Revised date: 8 February 2018
Accepted date: 10 February 2018

Please cite this article in press as: J. Garicano-Mena et al., An Entropy-Variables-based formulation of Residual Distribution Schemes for
Non-Equilibrium Flows, J. Comput. Phys. (2018), https://doi.org/10.1016/j.jcp.2018.02.020

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are providing
this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting proof before it is
published in its final form. Please note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jcp.2018.02.020


An Entropy-Variables-based formulation of Residual
Distribution Schemes for Non-Equilibrium Flows
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Abstract

In this paper we present an extension of Residual Distribution techniques
for the simulation of compressible flows in non-equilibrium conditions. The
latter are modeled by means of a state-of-the-art multi-species and two-
temperature model.
An entropy-based variable transformation that symmetrizes the projected
advective Jacobian for such a thermophysical model is introduced. More-
over, the transformed advection Jacobian matrix presents a block diagonal
structure, with mass-species and electronic-vibrational energy being com-
pletely decoupled from the momentum and total energy sub-system.
The advantageous structure of the transformed advective Jacobian can be
exploited by contour-integration-based Residual Distribution techniques:
established schemes that operate on dense matrices can be substituted by
the same scheme operating on the momentum-energy subsystem matrix and
repeated application of scalar scheme to the mass-species and electronic-
vibrational energy terms.
Finally, the performance gain of the symmetrizing-variables formulation is
quantified on a selection of representative testcases, ranging from subsonic
to hypersonic, in inviscid or viscous conditions.
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